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Abstract 
This paper reports a novel micro/nano fabrication method for mass production of low-stressed silicon nitride (SiN) 
membrane nanopores with the precisely size-controlled 30 nm in diameter using an anisotropic reactive ion etching 
(ARIE) and nano-imprinting method, while maintaining compatibility with CMOS IC processes. Our method differs 
from that of Striemer group [1] in the specific membrane material, and Hien group [2] in the specific fabrication 
protocols. Micromachining protocols facilitate the accomplishing nanostructures to be used for separation of 
collections of particles. However, membrane fragility and complex fabrication prevents the use of ultrathin 
membranes for molecular separations. Here, we report a novel, simple and robust micro/nano fabrication method of 
strong SiN nanosieve membrane with the small, precise, and uniform nano-sized pore structures with a diameter of 30 
nm.
© 2011 Published by Elsevier Ltd. 
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1. p
Nanofabricated membranes have great potential in molecular separation applications by offering more 
precise structural and pattern control. This limitation can be addressed by a class of ultrathin membranes 
for molecular separations in solutions. Micromachining protocols have ability to accomplish 
nanostructures to be used for separation of collections of bio-materials. Until now, direct electron beam 
writing followed by reactive ion etching, or focused ion beam etching have been used to make holes in 
the Silicon, gold nanocomposite or SiN membrane [1-3]. In case of direct hole drilling by FIB, its 
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application to the fabrication of many holes are difficult and time consuming. Since the suspended SiN 
membranes have to sustain handling processes during the fabrication and applications, its thickness and 
material properties should be controlled. There is a tradeoff between membrane thickness and flexibility 
in processing. Thus, it is very difficult to control the dimensions in nano-scale precisely and uniformly. 
There are strong needs to develop the protocols to fabricate the nano-scale patterned 3-D structures in a 
precise and mass-productive way.  
2. yGGk
 In order to implement a protocol to solve these problems, we are proposing a new fabrication protocol. 
The process schematics for design and fabrication of the nanopores are shown in Figure 1. A 50 nm-thick 
LPCVD SiN layer is deposited on both sides of 6’silicon substrate at 800 oC with a SiH2Cl3:NH3 gas flow. 
Windows on the backside of the Si substrates are opened using RIE. The silicon wafers are diced to 
include membrane sites and then bulk-etched in potassium hydroxide at 85 oC until no silicon is left. A 
layer of 100 nm-thick electron beam resist (ER) was coated onto the diced wafers given a certain dilution 
with anisole and 3000 rpm, and baked at 180 oC for 300 s. Electron-beam patterning was performed. The 
nanopores are etched into the silicon nitride layer, by using ER as a masking layer, on the front side of the 
wafer using ARIE at 55 oC with an Ar : CF4 gas flow ratio. The large sheath bias voltage accelerates 
positive ions and gives the bombardment by highly energetic ions. Finally, the dices are oxygen plasma-
treated to obtain hydrophilic surface. The nanopores area on the membrane was 100 x 100 Pm2. The 
membranes are perforated with circle shape holes with the diameter range of 20-30 nm as shown in 
Figure 2. The experimental etch profiles using the ARIE protocols after nanopatterning on ER (a) and 
anisotropic etch (b) are shown in Figure 3. ER nanopatterns with 32 nm diameter have been transferred to 
the etching profile of the nanopores directly with maintaining the patterned diameter of 32 nm. The etch 
holes distribution is controlled uniformly for use of the membrane nanopores. Further decrease in 
diameter would be possible with further deposition of SiN layer on membrane nanopores. Also, we 
checked the proper mechanical strength to several bars, and chemical and thermal stability. And it can be 
endure harsh conditions like high temperature up to 800 oC for 1 hr. Furthermore, it was endurable to 
aggressive and strong chemicals like piranha, HF, KOH, HCl, and HNO3 after dipping nanopores for 30 
min at room temperature. With the method, e-beam lithographic patterning could be well transferred to 
the nanoholes with nearly same dimensions, and uniform nanoholes in array with 30 nm in diameter could 
be easily acquired [4]. We are also searching for advanced technologies to provide the nano-sized 
nanosieves  in a simple and mass-productive way. Therefore, as a further study, we suggests a new and 
unique mass producing protocols fabricating the nano-sized sieve on membrane easily with same ARIE 
protocols, simply and precisely. The fabricating results will be appeared on this conference presentation. 
The nanopores can be applicable to the biosystem for separations of proteins or bio fuel cells.  
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(d)
Fig. 1 Schematic diagram of the fabricated nanosive through SiN membrane; (a) SEM overview with 
close-ups of the membrane nanosieve, (b) a strong and thick silicon frame supports a thin SiN membrane 
with nanosieve and the nanosieve, (c) its picture which is magnified, and (d) manufacturing procedure the 
nano-sized sieve structure on the membrane.  
            
Fig. 2 SEM photographs of a fabricated membrane for nano sieve (500x 500 Pm2) before and after burst 
test; (a) top view, (b) bottom view, and (c) the cross-sectional view showing its thickness of 45.3 nm.
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Fig. 3 SEM photographs with illustrations employing anisotropic etching protocols in order to form nano- 
holes precisely and uniformly for nanosieve; (a) after nanopatterning on e-beam resist and (b) anisotropic 
etch using Ar/CF4 combination.
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